Introduction
============

The maxillofacial area is directly exposed to the outside environment. This area has a much higher possibility of damage from external force than the other skeletal sites. The maxillofacial structure is composed of complex skeletal bone, and is very important aesthetically and functionally, especially for masticatory and annunciation movements. Benign tumors, malignant neoplasm or facial trauma on the maxillofacial area can cause severe functional loss. Of these, maxillofacial fractures due to trauma are frequently associated with severe morbidity and loss of function. Maxillofacial fracture location and treatment outcomes can seriously affect social function, and can be life threatening\[[@b1-mprs-36-253]\].

Facial bone fracture is increasing due to traffic accidents, teenaged criminals, industrial accidents, and sports injuries. Depending on the aspect and severity of facial bone fractures, treatment requires evaluation of the degree of trauma and an accurate diagnosis. Accurate diagnosis, the physician's experience, and proper treatment will reduce complications from injury\[[@b2-mprs-36-253]\]. So, analyzing the causes and understanding the trends of maxillofacial fractures is very important for treatment and preventing complications.

The authors compared and analyzed the patients who came to the Department of Oral Maxillofacial Surgery in Kyungpook National University Hospital, the regional emergency center for Daegu City and Gyeongbuk province, for maxillofacial fracture during 1981∼1987, 1995∼1999, and 2008∼2012. Analysis examined the cause and area of facial bone fracture, and occurrence, age, and etiology of this fracture. The results help us understand changes over time in maxillofacial fracture.

Materials and Methods
=====================

The study compared two time spans at Kyungpook National University School of Dentistry\[[@b3-mprs-36-253]\]. Patients diagnosed with facial bone fractures at Department of Oral and Maxillofacial Surgery were analyzed in terms of facial bone fracture aspect. The first period was from January 1st, 1981 to December 1987 (Group A). The second period was from January 1st, 1995 to December 1999 (Group B). To confirm the latest trends and changes of facial bone fracture, a third period was added from January 1st, 2008 and December 2012 (Group C). The protocol of this study was reviewed and approved by Kyungpook National University Hospital Institutional Review Board (KNUH 2014-09-033).

The data were statistically analyzed using IBM SPSS Statistics ver. 20 software (IBM Co., Armonk, NY, USA) by distribution of patients over time periods, gender distribution and ratio, age, etiology of maxillofacial fracture, and regional distribution of maxillofacial fracture in each group. The etiology was categorized into five groups\[[@b3-mprs-36-253],[@b4-mprs-36-253]\]: traffic accident, falls, violence, sports, and miscellaneous. Group C data enabled finer specification, of maxillofacial fracture etiology. Traffic accident has four different subgroups\[[@b5-mprs-36-253]\], and falls has two subgroups\[[@b6-mprs-36-253]\].

Clinical diagnosis data were used from patient's medical records and radiological diagnosis data were referenced by skull series, panorama, Waters view, Towne's view, zygomatic arch view, and computed tomography.

Results
=======

1.. Patient distribution
------------------------

The entire sample of 2,196 patients was separated into three groups based on year of diagnosis. We analyzed the distribution of patients by time period ([Table 1](#t1-mprs-36-253){ref-type="table"}). The average annual number of patients admitted in each group was 60 people, 103 people, and 252 people. The average annual number of patients was increased by a factor of 1.72 and 2.45.

2.. Gender
----------

The gender ratio of Group A was 5.6:1. In Group B, it decreased to 3.5:1, and increased slightly to 3.8:1 in Group C ([Table 2](#t2-mprs-36-253){ref-type="table"}). There were some differences by group, but the proportion of males is consistently higher.

3.. Age
-------

The 20∼29 age group in each period was the most numerous group. In Group A and B, the 30∼39 age group was second most numerous for facial bone fracture. However, in Group C, the second most numerous was the 10∼19 age group. In addition, the facial bone fracture ratio of people over 60 continuously increased by a factor of 2.2 and 2.5 ([Table 3](#t3-mprs-36-253){ref-type="table"}).

4.. Etiology
------------

Traffic accident was the most frequent etiological factor of facial bone fracture in Group A and B. However, in Group C, the traffic accident proportion decreased to 22.6%. In Group C, simple fall was the main cause of maxillofacial fracture at 34.6% ([Table 4](#t4-mprs-36-253){ref-type="table"}). Violence caused a large portion of maxillofacial fracture but the ratio decreased up to 30% in each period. Sports-related injuries in Group C were two times higher than Group A ([Table 5](#t5-mprs-36-253){ref-type="table"}). For Group C, automobile accident comprised the largest portion in both genders. For males the number of motorcycle accidents was the same as automobile accidents, but for females the number of motorcycle accidents was one fifth the number of automobile accidents. For both males and females, the proportion of bicycle accidents was similar: 17.1% and 17.6%. Males had three times more traffic accidents than females ([Table 6](#t6-mprs-36-253){ref-type="table"}).

5.. Fracture
------------

We stratified maxillofacial fracture into three categories: mandible fracture, mid-facial fracture, and mandible and mid-facial complex fracture. There were 326 (78.0%) mandible fractures in Group A, 351 (68.0%) in Group B, and 1,111 (88.0%) in Group C. The number of patients with mid-facial fracture was 69 (16.5%) in Group A, 91 (17.6%) in Group B, and 53 (4.2%) in Group C. Mandible and mid-facial complex fracture increased by a factor of 2.6 from Group A to B. Mandible and mid-facial complex fracture decreased by half from Group B to C ([Table 7](#t7-mprs-36-253){ref-type="table"}).

Discussion
==========

The risk of facial bone fractures can be influenced by social status, custom, culture and traffic condition, and the direct causes of maxillofacial fracture are very diverse. Therefore precise evaluation and diagnosis for the patient are necessary for a good prognosis. The maxillofacial fractures patients presenting at our hospital changed in cause and degree of trauma. Therefore, understanding the aspects and causes of maxillofacial fracture can help establish an effective treatment plan and good post-operational prognosis.

In this study, males incur more injuries than females, agreeing with other research\[[@b7-mprs-36-253],[@b8-mprs-36-253]\]. However, the proportion of males to females decreased from 5.6:1 to 3.8:1. Due to recent improvements in social opportunities for females, as well as increased female drivers, female injuries are increasing steadily, and the proportion of males to females will continue to decline\[[@b9-mprs-36-253]\]. Some authors report that higher participation of women in society influences the rates of facial fractures in women. The male to female ratio for facial fractures was as low as 2.1:1\[[@b10-mprs-36-253]\] in Greenland\[[@b11-mprs-36-253]\], Finland\[[@b12-mprs-36-253]\], and Austria\[[@b10-mprs-36-253]\], where women are heavily engaged in social activity.

By age, similar to other results\[[@b11-mprs-36-253],[@b13-mprs-36-253]--[@b17-mprs-36-253]\], those in their 20s have the most injuries. The percentage of 20s were 43.5% in Group A, 42.1% in group B and and 28% in group C. In Group A and B the next highest percentage was 30s, but in Group C, 10s were the second most common. Hence, Group A and B are similar in age group most affected, with at least 42% of patients in the 20s. However, Group C is more evenly distributed, with a decreased percentage of 20s and increased percentage of 10s, 50s and over 60s. As the nation is becoming an 'Aging Society', the risk of exposure to dangerous environments will increase in elderly people.

Oji\[[@b17-mprs-36-253]\] found that 20s frequently take part in dangerous exercises and sports, drive motor vehicles carelessly, and are more likely to be involved in violence. We found that as time progresses from Group A to C, the proportion of 20s injuries fell from 43.5% to 28.0%. Correspondingly the 50s and over 60s increased from 4.8% to 9.8% and from 1.4% to 7.8%. As one would expect, these changes accompanied etiologic changes in maxillofacial fractures. The causes of facial fracture common in the 20s, such as traffic accidents and violence, decreased although sports injury did not. Traffic accidents decreased from 39.2% to 22.6% and violence went down from 30.0% to 19.3%. Recent reports of the proportion of sports-related maxillofacial fractures range up to 33.2%\[[@b18-mprs-36-253],[@b19-mprs-36-253]\]. The proportion of sports-related maxillofacial fractures is reported to be at least 5.6% more than a decade ago\[[@b20-mprs-36-253],[@b21-mprs-36-253]\]. Females are becoming more active in sports\[[@b22-mprs-36-253]\]. In our study, despite a decreased portion of patients in their 20s, the ratio of sports-related maxillofacial fracture increased from 3.8% to 7.5% during the past twenty years. This may be due to increased sports participation in all age groups, explaining part of the increase in maxillofacial fractures in females.

Some authors report that the most common cause of facial bone fractures was traffic accidents\[[@b17-mprs-36-253],[@b23-mprs-36-253],[@b24-mprs-36-253]\]. In contrast, others report that traffic accidents have been reduced and private violence is the main reason of facial bone fracture\[[@b2-mprs-36-253],[@b13-mprs-36-253]\]. In this study, traffic injuries are lower than in the past. A possible explanation is that traffic regulation is better enforced and use of safety equipment more common. Automobile accidents accounted for almost half of all traffic accidents at 43.2%, followed by motorcycle accidents at 29.5%, bicycle accidents at 17.2%, and pedestrian accidents at 10.2% in Group C. In another study during a similar period, Brasileiro and Passeri\[[@b5-mprs-36-253]\] reported the proportion of bicycle accidents at 33.6%, automobile accidents at 31.0%, motorcycle accidents at 26.9% and pedestrian accidents at 8.5%. These differences can be explained because in Brazil bicycles are an important means of transportation, differing from Korean society, where bicycles are for leisure, not transportation. Thus, traffic accidents are affected by the social environment, living level, and main transportation. Also, in this study, automobile accidents comprose the highest proportion of traffic accidents.

The proportion of falls increased from 19.6% to 40.1% ([Table 5](#t5-mprs-36-253){ref-type="table"}). Yamamoto *et al*.\[[@b6-mprs-36-253]\] reported that simple falls were common in elderly patients, who comprised 61.1% of all falls patients. In our results, simple falls comprised 86.4% of all the falls, and most frequently were younger patients ([Table 6](#t6-mprs-36-253){ref-type="table"}). One reason for this difference is that medical insurance normally does not cover damage by assault. Therefore, we assume that patients are motivated to report a different cause of the injury to get insurance reimbursement.

In this study, facial bone fractures were categorized by three broad types: mandible fracture, mid-facial bone fracture, and two types of complex fractures (mandible and mid-facial bone). The most frequently reported maxillofacial fracture is mandible\[[@b13-mprs-36-253]--[@b15-mprs-36-253],[@b17-mprs-36-253],[@b23-mprs-36-253]\]. Approximately 81.4% of our patients suffered a mandible fracture, and it was the main type in all time periods. Iida *et al*.\[[@b25-mprs-36-253]\] reports that most mandible and mid-facial complex fractures are caused by traffic accidents. In our study, Group C had a portion of traffic accidents as the cause of fracture, as well as a lower proportion of mandible and mid-facial complex fracture. We assume that traffic accidents provoke multiple and powerful trauma; therefore the proportion of traffic accidents with maxillofacial fractures is related to the proportion of mandible and mid-facial complex fractures. Another consideration is that in our hospital the emergency treatment system for the maxillofacial fracture is divided into three departments: oral and maxillofacial surgery, plastic surgery, and neurosurgery. When an emergency situation occurs, the emergency department makes an evaluation of the patient and notifies the surgery department based on the state of the patient. In this situation, emergency departments tend to notify plastic surgery rather than other departments when mid-facial fracture and complex fracture of mandible show severe facial depression. Therefore, the fracture site of maxillofacial facial area seems weighted to mandible fracture, a weak point of this study.

Conclusion
==========

Our results indicate that the number of patients who are diagnosed with facial bone fractures in our department is gradually increasing. The male to female ratio is decreasing due to an increase in socioeconomic activity of females. Maxillofacial fracture is still most common in patients in their 20s, although the proportion of patients in their 20s is decreasing, and therefore the proportion of 10s, elderly groups, and females is increasing. In other words, there is now a more even age distribution of maxillofacial fractures. The proportion of sports-related maxillofacial fracture nearly doubled from two decades ago. The proportion of traffic accidents decreased because of enhanced traffic regulation and use of safety equipment. This decrease is associated with reduction of mandible and mid-facial complex fractures. Nevertheless, the mandible is the most frequently affected fracture site.

###### 

Time distribution of patients

  Period                Patients (n)   Average per year (n)
  --------------------- -------------- ----------------------
  Group A (1981∼1987)   418            59.7
  Group B (1995∼1999)   516            103.2
  Group C (2008∼2012)   1,262          252.4

###### 

Gender distribution and ratio by period

  Gender                 Group A (1981∼1987)   Group B (1995∼1999)   Group C (2008∼2012)
  ---------------------- --------------------- --------------------- ---------------------
  Male                   355                   401                   998
  Female                 63                    115                   264
  Male-to-female ratio   5.6:1                 3.5:1                 3.8:1
  Total                  418                   516                   1,262

###### 

Distribution of patients by age

  Age (yr)   Group A (1981∼1987)   Group B (1995∼1999)   Group C (2008∼2012)                                                                                                        
  ---------- --------------------- --------------------- --------------------- ------------------- ------------------- -------------------- ------------------- ------------------- ----------------------
  0∼9        11 (47.8, 3.1)        12 (52.2, 19.0)       23 (100.0, 5.5)       11 (68.8, 2.7)      5 (31.2, 4.3)       16 (100.0, 3.1)      20 (51.3, 2.0)      19 (48.7, 7.2)      39 (100.0, 3.1)
  10∼19      64 (90.0, 18.0)       7 (10.0, 11.1)        71 (100.0, 17.0)      69 (89.6, 17.2)     8 (10.4, 7.0)       77 (100.0, 14.9)     249 (87.4, 24.9)    36 (12.6, 13.6)     285 (100.0, 22.6)
  20∼29      159 (87.4, 44.8)      23 (12.6, 36.5)       182 (100.0, 43.5)     160 (73.7, 39.9)    57 (26.3, 49.6)     217 (100.0, 42.1)    292 (82.7, 29.3)    61 (17.3, 23.1)     353 (100.0, 28.0)
  30∼39      75 (85.2, 21.1)       13 (14.8, 20.6)       88 (100.0, 21.1)      76 (81.7, 19.0)     17 (18.3, 14.8)     93 (100.0, 18.0)     135 (78.0, 13.5)    38 (22.0, 14.4)     173 (100.0, 13.7)
  40∼49      25 (89.3, 7.0)        3 (10.7, 4.8)         28 (100.0, 6.7)       53 (73.6, 13.2)     19 (26.4, 16.5)     72 (100.0, 14.0)     139 (73.5, 13.9)    50 (26.5, 18.9)     189 (100.0, 15.0)
  50∼59      18 (90.0, 5.1)        2 (10.0, 3.2)         20 (100.0, 4.8)       23 (92, 5.7)        2 (8, 1.7)          25 (100.0, 4.8)      98 (79.0, 9.8)      26 (21.0, 9.8)      124 (100.0, 9.8)
  ≥60        3 (50.0, 0.8)         3 (50.0, 4.8)         6 (100.0, 1.4)        9 (56.3, 2.2)       7 (43.7, 6.1)       16 (100.0, 3.1)      65 (65.7, 6.5)      34 (34.3, 12.9)     99 (100.0, 7.8)
  Total      355 (84.9, 100.0)     63 (15.1, 100.0)      418 (100.0, 100.0)    401 (77.7, 100.0)   115 (22.3, 100.0)   516 (100.0, 100.0)   998 (79.1, 100.0)   264 (20.9, 100.0)   1,262 (100.0, 100.0)

Values are presented as number (row %, colume %).

###### 

Detailed etiology of maxillofacial fractures for 2008∼2012

  Etiology           Group C (2008∼2012)   Total                                                                                                                
  ------------------ --------------------- ------------------- ------------------- ------------------- ------------------- ------------------ ----------------- ----------------------
  Traffic accident   8 (3.1, 20.5)         58 (22.5, 40.9)     69 (26.7, 60.4)     30 (11.6, 17.3)     42 (16.3, 22.2)     39 (15.1, 31.5)    39 (15.1, 39.4)   285 (100.0, 22.6)
  Fall from height   3 (4.3, 7.7)          13 (18.8, 4.6)      12 (17.4, 3.4)      9 (13.0, 5.2)       12 (17.4, 6.3)      15 (21.7, 12.1)    5 (7.2, 5.1)      69 (100.0, 5.5)
  Simple fall        24 (5.5, 61.5)        78 (17.8, 27.4)     111 (25.4, 31.4)    74 (16.9, 42.8)     69 (15.8, 36.5)     44 (10.1, 35.5)    37 (8.5, 37.4)    437 (100.0, 34.6)
  Violence           0 (0.0, 0.0)          62 (25.2, 21.8)     104 (42.3, 29.5)    30 (12.2, 17.3)     33 (13.4, 17.5)     12 (4.9, 9.7)      5 (2.0, 5.1)      246 (100.0, 19.5)
  Sports             1 (1.1, 2.6)          44 (46.3, 15.4)     35 (36.8, 9.9)      7 (7.4, 4.0)        6 (6.3, 3.2)        1 (1.1, 0.8)       1 (1.1, 1.0)      95 (100.0, 7.5)
  Miscellaneous      3 (2.3, 7.7)          30 (23.1, 10.)      22 (16.9, 6.)       23 (17.7, 13.3)     27 (20.8, 14.3)     13 (10.0, 10.5)    12 (9.2, 12.1)    130 (100.0, 10.3)
  Total              39 (3.1, 100.0)       285 (22.6, 100.0)   353 (28.0, 100.0)   173 (13.7, 100.0)   189 (15.0, 100.0)   124 (9.8, 100.0)   99 (7.8, 100.0)   1,262 (100.0, 100.0)

Values are presented as number (row %, colume %). Traffic accident: automobile, bicycle, motorcycle and pedestrian accident.

###### 

Major etiology of maxillofacial fractures

  Etiology           Group A (1981∼1987)   Group B (1995∼1999)   Group C (2008∼2012)   Total
  ------------------ --------------------- --------------------- --------------------- ----------------------
  Traffic accident   164 (25.2, 39.2)      201 (30.9, 39.0)      285 (43.8, 22.6)      650 (100.0, 29.6)
  Falls              82 (10.9, 19.6)       165 (21.9, 32.0)      506 (67.2, 40.1)      753 (100.0, 34.3)
  Violence           125 (25.8, 30.0)      114 (23.5, 22.0)      246 (50.7, 19.5)      485 (100.0, 22.1)
  Sports             16 (12.7, 3.8)        15 (9.6, 3.0)         95 (75.4, 7.5)        126 (100.0, 5.7)
  Miscellaneous      31 (25.3, 7.4)        21 (11.5, 4.1)        130 (71.4, 10.3)      182 (100.0, 8.3)
  Total              418 (19.0, 100.0)     518 (23.6, 100.0)     1,262 (57.5, 100.0)   2,196 (100.0, 100.0)

Values are presented as number (row %, colume %). Traffic accident: automobile, bicycle, motorcycle and pedestrian accident; Falls: fall from height and simple fall.

###### 

Mode of traffic accident vs sex ratio in Group C

  Traffic accident      Male                Female             Total
  --------------------- ------------------- ------------------ --------------------
  Automobile accident   84 (68.3, 38.7)     39 (31.7, 57.4)    123 (100.0, 43.2)
  Bicycle accident      37 (75.5, 17.1)     12 (24.5, 17.6)    49 (100.0, 17.2)
  Motorcycle accident   77 (91.7, 35.5)     7 (8.3, 10.3)      84 (100.0, 29.5)
  Pedestrian MVA        19 (65.5, 8.8)      10 (34.5, 14.7)    29 (100.0, 10.2)
  Total                 217 (76.1, 100.0)   68 (23.9, 100.0)   285 (100.0, 100.0)

Values are presented as number (row %, colume %).

MVA, motor vehicle accident.

###### 

Site distribution of maxillofacial fracture

  Fracture site             Group A (1981∼1987)   Group B (1995∼1999)   Group C (2008∼2012)   Total
  ------------------------- --------------------- --------------------- --------------------- ----------------------
  Middle third              69 (32.4, 16.5)       91 (42.7, 17.6)       53 (24.9, 4.3)        213 (100.0, 9.7)
  Mandible                  326 (18.2, 78.0)      351 (19.6, 68.0)      1,111 (62.1, 88.0)    1,788 (100.0, 81.4)
  Mandible + middle third   23 (11.8, 5.5)        74 (37.9, 14.3)       98 (50.3, 7.8)        195 (100.0, 8.9)
  Total                     418 (19.0, 100.0)     516 (23.5, 100.0)     1,262 (57.5, 100.0)   2,196 (100.0, 100.0)

Values are presented as number (row %, colume %).
